The physical and psychological characteristics of hypotonic schizophrenic children are described. It is hypothesized that hypotonic schizophrenia constitutes a homogeneous subgroup within the schizophrenic spectrum. The criteria for diagnosing hypotonic schizophrenia are stated. By selecting a homogeneous subgroup of schizophrenic patients, investigators may improve the probability of identifying a common biochemical etiology within this subgroup.
The heterogeneity of schizophrenic populations has confounded the efforts of researchers for many years. Schizophrenia, both in children and in adults, has been defined and redefined (Bleuler 1950; Potter 1933; Schneider 1942; Bender 1947; Creak 1964; Feighner et al. 1972; DSM-IU 1980) . Buchsbaum and Haier (1978) have recently suggested that using biological variables to group schizophrenic patients may be more successful at reducing the heterogeneity within this population than the constant reworking of the symptom classification.
Hypotonicity has been noted in schizophrenic children by many investigators (Bender 1947; Goldfarb 1974; Fish 1977) . The finding of elevated creatine phosphokinase prompted extensive studies by Meltzer (1976) of muscle morphology in adult schizophrenics. Five out of six hypotonic schizophrenic children in the studies of Cantor, Trevenen, and Postuma (1979) and Cantor et al. (1980) demonstrated identical muscle pathology. In an effort to define the characteristics of a group of schizophrenics, children who were both hypotonic and schizophrenic were selected for intensive study.
The Subjects Studied
Eight schizophrenic boys, aged 5 years, 11 months to 8 years, 1 month, were examined. The boys had all been diagnosed as suffering from childhood psychosis by more than one physician, had been psychotic for more than 6 months (average duration of illness was 3.5 years), and met the DSM-III criteria for schizophrenia. The case numbers used are the same as those used in the muscle biopsy studies (Cantor, Trevenen, and Postuma 1979; Cantor et al. 1980) . The children had received no medication for at least 1 year. Five nonschizophrenic developmentally disabled boys were also examined and compared to the eight schizophrenic boys.
Methods of Study
Each of the 13 children was seen a minimum of two times by one of the two clinical psychologists (J.P. or T.P-P.) and by the child psychiatrist (S.C.) and independently scored on a symptom checklist by each of the two raters. There was no disagreement between the raters.
Each of the 13 boys underwent a physical examination which placed special emphasis on the mensura-tion of physical parameters (Evans et al. 1978) . The standards for measurement used were all taken from either Feingold and Bossert (1974) or Vaughan, McKay, and Nelson (1969) . All 13 children were examined by the same individual (J.E.), who knew all the boys to be psychiatric patients but did not know specific diagnoses. All physical parameters (39 in all) found in more than one child were transformed into binary state and subjected to two numerical classification techniques: normal association analysis (Williams and Lambert 1959) and similarity coefficient (Clifford and Stephenson 1975) .
Results
The clinical psychologists separated the eight children who met DSM-IH criteria for schizophrenia from the five nonschizophrenic Table 1 . Symptom checklist children on the basis of the presence of a thought disorder. The same eight children were separated from four of the nonschizophrenic children by the geneticist on the basis of the presence of hypotonia. The one nonschizophrenic child (case Bl) who had been grouped with the eight schizophrenic children by the numerical analysis of the physical characteristic data was distinguished by the geneticist from the schizophrenic children because he presented a dysmorphic appearance. The 18 psychological characteristics and the 20 physical characteristics which were present in 50 percent or more of the schizophrenic children became the symptom checklist and the physical characteristic scale, respectively.
The Symptom Checklist. Table 1 lists the 18 psychological characteristics noted. Terms were applied as defined in DSM-III.
One new term, fragmentation of thought, was used to describe the cognitive style of the schizophrenic children. Incoming information was remembered devoid of context, so that speech often consisted of fragments of newly learned concepts and observations which were either loosely associated or not associated at all (for example, a child explained that he was covering a "pizza" with "syrup" after he had made first a "pancake" and then a "pizza" out of play dough).
Good eye contact when communicating needs was included in the symptom checklist in order to improve differential diagnosis. All of the schizophrenic children had formed a strong attachment to their parents and made eye contact while talking.
The term autism refers to a preoccupation with internal stimuli rather than to the degree of social withdrawal.
The most common mannerisms seen were blowing, clicking noises, breath holding, or jumping up and down on one spot. Hand flapping occurred in two children (cases 1 and 6).
High anxiety with otherwise blunted affect was a common symptom in both the nonschizophrenic developmentally disabled children (cases B1-B5) and the schizophrenic children (table 1) . The two groups also resembled each other behaviorally. Symptoms of formal thought disorder, however, were very rare in the nonschizophrenic children. Four of the five group "B" children met the DSM-III criteria for "childhood onset pervasive developmental disorder" and the fifth child, the product of a hypertensive pregnancy, could be classified as an "attention-deficit disorder with hyperactivity."
Hallucinations were either suspected or confirmed in three of the eight schizophrenic children (cases 1, 3, 4). Delusional thinking was manifested in cases 4, 6, and 7: Case 4 described a "Mr. Control" who could insert answers to questions into his head; case 6 intermittently verbalized ideas of reference, thought broadcast, and thought insertion; and case 7 believed himself to be the "poison ivy exterminator" (even where there was no poison ivy).
Symptom checklist scores are summarized in table 2.
Physical Characteristic Scale.
Twenty physical characteristics had been noted in 50 percent or more of the schizophrenic children (henceforth called group A). Each of these characteristics was assigned a weighted score based on the proportion of the schizophrenic group in whom the characteristic was present (table 3) . Neuromuscular parameters such as hypotonia, poor muscle development, decreased muscle power, and hyporeflexia were difficult to assess objectively. The examiner noted signs of neuromuscular dysfunction, such as marked lordosis, flat feet, strabismus, and a loss of "flexor" tone (judged to be lost if when the child stood with arms relaxed the arms hung in an extended position; figure 1). The presence of poor muscle development was validated by x-rays of the upper limbs (figure 2). Decreased muscle power was assessed by determining the resistance to forced extension and flexion of the elbow and hand-grip strength. Hyporeflexia was scored if the reflexes were difficult or impossible to elicit in either the upper or lower limbs.
Brachycephaly is defined as a cranial index equal to or greater than 0.8 (i.e., lateral diameter over anterior-posterior diameter). If an obstetrical caliper is unavailable for measurement, a square head with a flat occiput may be taken as indicative of brachycephaly.
Three groups were compared with the group A children. The first group was the group B children already described; group C consisted of 11 psychotic mentally retarded (institutionalized) subjects (9 boys and 2 girls) who had been part of a study of mentally retarded children (Hunter et al. 1980) ; and group D consisted of 20 normal children. The same examiner (J.E.) was involved in all the physical examinations. The schizophrenic children (group A) differed significantly (/?<.01) from the other three groups with respect to both mean character number and mean weighted score (table 4) . Groups B and C did not differ significantly from each other on either the mean character number or the mean weighted score.
The characteristics that best separated the index cases from the normal group D children were brachycephaly (p<.0005), increased outer canthal distance and soft velvety skin (p<.003), long hands and blue eyes (p<.002), and sacral dimple (p<.04), as well as hypotonia, decreased muscle power, poor muscle development, hyporeflexia, a prominent nasal bridge, and deep-set eyes which were characteristics not observed at all in the normal children. Fewer characteristics separated the schizophrenic children from the children in groups B and C. Nevertheless, poor muscle development and hyporeflexia (p < .006), decreased muscle power (p < .005), soft velvety skin (p < .003), hypotonia and long hands (p < .04), and blue eyes (p < .02) helped to distinguish group A children from groups B and C. If a weighted physical characteristic score of 22 or greater is taken as indicative of hypotonic childhood schizophrenia (the mean minus two standard deviations), there were two false positives among the 36 other subjects examined (or 5.6 percent). One of these was the dysmorphic group B child described earlier; the second was a child in group C who had a score of 26 and who had a strong family history of mental illness (three firstdegree relatives). This child may represent an undiagnosed case of schizophrenia.
Symptom Checklist Score vs. Physical Characteristic Scale Score. The weighted symptom checklist score (table 2) and the weighted physical characteristic score (table 3) , as well as the symptom number score and the physical characteristic number score, were compared (figure 3). There was a statistically significant positive correlation (p<.05) between the physical and symptom number scores, although the correlation was not significant when the weighted scores were compared. Both correlations would have been significant if the one child who had the lowest physical characteristic weighted score (case 3) had been excluded. The three highest scorers were identical on both (cases 1, 6, and 9) scales. In group B there is no correlation between the two scales.
Discussion
The eight schizophrenic children described here met the DSM-IH criteria for Schizophrenic Disorder. All except two of the children (cases 4 and 7) satisfied the criteria for both Disorganized Type and Undifferentiated Type; two children (cases 4 and 7) would be diagnosed as Paranoid Type; and one child (case 1) would be diagnosed as Catatonic Type. The children also met some of the diagnostic criteria for Pervasive Developmental Disorders. However, they did not show the "pervasive lack of responsiveness to other people" or "pronominal reversal" expected in Infantile Autism. They also failed to show the "lack of appropriate fear reactions" and "self-mutilating behavior" expected in children assigned to the category of Childhood Onset Pervasive Developmental Disorder. Since these children did not meet the diagnostic criteria for either Infantile Autism or Childhood Onset Pervasive Developmental Disorder and they did meet all the diagnostic criteria for Schizophrenic Disorder, they were diagnosed as schizophrenic. An earlier definition of Childhood Schizophrenia (Creak 1964) subsumed all three diagnoses, i.e., Infantile Autism, Childhood Onset Pervasive Developmental Disorder, and Schizophrenic Disorder. The group A children could therefore be said to constitute a subgroup of Childhood Schizophrenia as it was previously defined. The schizophrenic children described here very closely resemble the children described by Potter (1933) . Thirty years later, 64.3 percent of Potter's children (Bennett and Klein 1966) could in no way be distinguished from their fellow state hospital inpatients who had been diagnosed (as adults) as schizophrenia with deterioration.
Perseveration, which was noted in all of the schizophrenic children described here, was included in Potter's criteria for diagnosis (criteria #3 and #6) .
In addition to the group A and group B children described above, some of the symptoms or physical characteristics selected here are seen in a number of other types of children:
• Hypotonic children whose speech is either too sparse or too garbled to assess thought process; such children usually also manifest grimacing, stereotypies, and silly affect; they may represent the most severe end of the schizophrenic spectrum.
• Children who meet all the diagnostic criteria for Infantile Autism; such children almost always have normal neuromuscular functioning (in the absence of associated disease).
• Children who manifest the physical characteristics described above but who have no thought disorder; such children usually are loners, often are paranoid, and frequently present with poor selfesteem and self-concept, minimal frustration tolerance, inattentiveness, and the label "slow-learner" (S.C. knows of four such children who have subsequently developed the Schizophrenic Disorder).
Children who met the DSM-III criteria for schizophrenia but who failed to satisfy the physical characteristic scale were not identified by the authors. Had such nonhypotonic schizophrenic children been identified, they would have been included in this study. The failure to identify children manifesting thought disorder in the absence of hypotonia is consistent with the hypothesis that Childhood Schizophrenia is the result of a cholinergic dysfunction (Cantor et al. 1980) . Yarden and Discipio (1971) , in the tradition of Kraepelin (1913) and Kleist (1943) , stressed the importance of noting dyskinetic movements such as mannerisms, grimacing, choreiform movements, and stereotypies in schizophrenic patients. In a prospective study which compared patients who presented with abnormal movements with patients who did not, they found that patients with abnormal movements presented at an earlier age, had a higher incidence of formal thought disorder, and "progressed steadily with early and profound mental deterioration."
In parakinetic catatonia (Kleist 1943) "clicking, snorting and hissing noises or the uttering of syllables and words with no meaning" were central features. Kleist (Fish 1957) and Leonhard (Fish 1958 ) believed the parakinetic form was the most heavily genetically loaded of all the catatonias, and maintained that it was inherited as a Mendelian dominant with restricted penetrance.
Diagnostic Criteria for Hypotonic
Schizophrenia. The diagnostic criteria described below will henceforth be used in our center to identify the group of hypotonic schizophrenics. There is evidence that these criteria can predict adult schizophrenia (Potter 1933; Bennett and Klein 1966) , have prognostic value (Kraepelin 1913; Yarden and Discipio 1971) , are associated with genetic loading (Fish 1957 (Fish , 1958 , and are related to cholinergic functioning (Cantor et al. 1980) .
The criteria have purposely not been restricted to any age group, even though symptoms with developmental implications have been avoided (e.g., poverty of speech). Certainly Kleist (1943) and Yarden and Discipio (1971) were studying adult schizophrenics rather than children, yet their subjects resembled the children described here to a remarkable degree. The view that age of onset should not be used in the definition of this disease is supported by the work of Kallmann (1956) .
Five criteria must be met (table  5) . 2. At least four (flat affect and three others) of the following eight symptoms: flat affect, inappropriate affect, derailment, marked illogicality, grimacing, fragmented thought, perseveration, and incoherence. DSM-III criteria for Schizophrenic Disorder must be met.
3. Symptoms present for more than 6 months.
4. There must be no history of known neurological insult or any evidence of focal neurological disease (excluding a temporal lobe focus).
5. At least two of the following four: a. A weighted physical characteristic score of at least 22 with a minimum of 7 characteristics; b. A mean standard score on the Bruininks-Oseretsky Test of Neuromuscular Proficiency (Bruininks 1978) of less than 12, with at least four subtests scoring in the below average range of functioning (less than 12). c. At least four of the following: lordosis, strabismus, articulation defect, flat feet, loss of flexor tone, radiological evidence of decreased muscle mass, no arm swing on walking, and abnormal gait. d. Dilated pupils which are slow to react to light.
Other Factors Which Favor a Diagnosis. Since the prognosis of this disorder is most unfavorable, caution must be exercised in making the diagnosis. In the absence of at least some of the following, it is unlikely that the disease is present:
• A family history of mental illness.
• A history of disturbed speech development.
• Marked variability in functioning on the WISC-R.
• Poor performance on tests of short-term memory.
• Signs of vestibular inhibition.
• A delay in the development of cerebral dominance.
Although it remains a possibility that even subjects who resemble each other in so many ways are not biologically homogeneous, the probability of identifying a common etiologic agent in such a homogeneous population is greatly enhanced. Certainly patients such as these and their families deserve intensive investigation.
